Abstract: This paper uses unique administrative data to expand the understanding of the role women's intermittency decisions play in the determination of their wages. We demonstrate that treating intermittency as exogenous significantly overstates its impact. The intermittency penalty also increases in the education level of the woman. The penalty for a woman with a high school degree with an average amount of intermittency during six years after giving birth to her first child is roughly half the penalty for a college graduate. We also demonstrate the value of using an index to capture multiple dimensions of the intermittency experience, and we illustrate the importance of firm dynamics in the determination of a woman's wage.
I. Introduction
A vast literature quantifies the labor market penalty associated with a worker who exhibits intermittent labor force attachment. The penalty is typically measured in terms of lower wages accruing to workers who move frequently in and out, or who spend extended amounts of time out, of the labor market, relative to those with continuous labor market experience (for example, see Pitts 2005, 2007) . 1 An equally vast literature documents the important role that the presence of children plays in the labor supply decisions of women (e.g., Blau and Kahn 2007; and Cohany and Soc 2007) and what factors are important in women's labors supply decisions, specifically after giving birth (e.g., Joesch 1994; Klerman and Leibowitz 1994; Kenjo 2005; and Pronzato 2007) .
This paper marries these literatures by making use of some unique data sources to investigate the labor market consequences of labor supply decisions made by a woman at or shortly after the first birth of a child.
This paper makes four primary contributions to the literature. First, the analysis exploits differences in pre-birth and post-birth employer characteristics to be able to control for individual fixed effects expected to affect the woman's decision to be intermittent. In addition, the ability to be able to control for detailed employment characteristics is important as wages have been shown to vary significantly across firm and industry characteristics (for example, see Cardoso 2000; Gannon et al. 2005; and Hotchkiss et al., 2004) . The second contribution of the analysis is the uncovering of -2 -important variations across education level in both the penalty for intermittency and in the importance of accounting for endogeneity of the intermittency decision. The third primary contribution is the demonstration of the usefulness of using an index to capture multiple dimensions of a woman's intermittency experience; the index is less co-linear with other important wage determining characteristics, such as firm tenure, than each of its components individually. Finally, this research provides evidence on the importance of the demand side characteristics when examining issues of labor force attachment.
Indicators such as the rate of turnover in the industry and the health of the firm of employment significantly alter the penalty for intermittency attachment.
II. Empirical Methodology
The analysis in this paper compares earnings of women with varying degrees of labor market intermittency in the sixth year after the birth of her first child. Since the analysis is restricted to women who are working both before and six years after the birth, we have a relatively homogenous sample of women who are, at least, loosely attached to the labor market. 2 The analysis makes use of a unique data set that combines vital statistics birth information with employment data. Vital Statistics birth records containing information on women giving birth in the state of Georgia between 1994 Georgia between -2002 are combined with matched employer-employee administrative data through 2008. These data provide a census of working mothers in the state of Georgia in this time period.
2 Since Kahn et al. (2014) find that selection into the labor market is most strongly influenced by children when women are young, we re-estimate the model on a sub-sample of older women (age ≥ 34) and find similar results to those reported here. The wage penalty is larger, but varies similarly across education levels. This suggests that generalizability is not severely compromised by focusing only on women attached to the labor market. Results available upon request.
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A. The Earnings Equation
We assume that a woman's current (log) wages are determined as follows:
where !,! is the log of a woman's real quarterly earnings, !,! reflect current employment characteristics, such as characteristics of the woman's employer, her tenure with the employer, and various characteristics of the employer's industry; ! reflect demographic characteristics, such as education, age, race, and health of mother an child at the time of giving birth; !,! is equal to one if the woman has a child in the current time period (rendering the intermittency decision relevant), zero otherwise; ! is the woman's intermittency experience during the five years after giving birth; and !,! contains unobserved current random determinants of the wage, plus unobserved random components present at the time of giving birth. In other words, !,! = ! + !,! . Of course, there is every reason to expect that a woman's intermittency decision ( ! ) will be correlated with random factors at the time of giving birth ( ! ), rendering ! endogenous.
The timing of events in this model makes the standard instrumental variables (IV) approach infeasible. The standard approach would require us to include future outcomes (employment characteristics six years after giving birth) in the estimation of the intermittency decision, which we believe fundamentally occurs at the time of, or shortly after, giving birth. Alternatively, we transform the data by taking differences, which has the effect of sweeping away the fixed effect component of the error term. Doing this also sweeps away all other time-invariant characteristics. Since education, race, and health factors of the infant and the mother are observed only at the time of birth, any potential -4 -influence of these characteristics on wage determination will be captured by the fixed effect. The model will be estimated separately by education level to determine any variation in penalty along that characteristic. ! , ℎowever, remains as a regressor since !,! is equal to one post-birth, but is equal to zero pre-birth, for all women. 3 In addition, all of the employment characteristics ( !,! ) remain as the difference between post-birth and pre-birth employment characteristics. The final estimating equation becomes:
Being able to interpret the results from this estimating strategy as causal depends on the endogeneity of a woman's intermittency decision being time invariant (swept away with differencing). Since we are modeling the woman's intermittency decision as one that takes place at a single point in time (after having just given birth to her first child), satisfaction of this assumption is trivial. As a robustness test, we do allow additional births in the intervening six year period to enter as a regressor (for a subset of the sample for which this information is available), with no appreciable effect on the results. Any other characteristics of the woman that change over time are not available, and we believe, in any case, that there is a very strong fixed component to unobservables, such as health status and productivity. It should also be noted that the results in this paper are, strictly, only generalizable to maternally-motivated spells of intermittency, although we haven't found any evidence that one "type" of intermittency should be expected to affect labor market outcomes differently than any other type of intermittency.
The employment characteristics included in the estimation include the woman's tenure with the employer; firm size; firm age; number of establishments the firm has;
-5 -whether the firm is new, dying, contracting, or expanding; and the degree of labor market competition in the firm's industry and county. The model also contains several variables which measure labor demand factors that would be expected to affect the woman's individual earnings, such as the total employment in the industry, number of establishments in the industry, the level of turnover in the industry, and the average industry quarterly earnings. 4 In addition, the quarter of observation is included to control for seasonal variation in observed wages and the seasonally adjusted quarterly unemployment rate is included to control for economic conditions. Three digit NAICS industry fixed effects are also included --these effects are identified by women who change industry of employment from pre-to post-birth, but are included to capture any industry specific determinants of wages that do not vary over time. These regressors are all measured as the difference between the value six years after giving birth and its prebirth value.
B. Measuring Intermittency
An index of intermittency furing the five years after giving birth is constructed for each woman by combining the number of spells of absence from the labor force and the proportion of time spent absent from the labor force, which captures the average length of the spells of absence, weighted by the proportion of time in the labor force that was accrued since the last spell (this index was developed by Hotchkiss and Pitts 2005) :
where ! = the total amount of time between the birth and observed earnings for person i;
-6 -! = the number of spells of absence since birth for person i; !" = the length of spell j for person i; and ! = the percent of work life accumulated since last spell of absence for person i.
The number of spells ( ! ) is scaled by the maximum number of periods observed in the data set between the birth year and year six ( ! ); this ensures that each component of the index ranges between zero and one --in this sample, the maximum number of spells observed is eight. Since we are using the earnings in year six after birth for each woman in the sample, the total amount of time since giving birth is the same for all observations, 20 quarters. As the number of spells and/or the length of a spell increases, the measure of intermittency increases. As the time since the last intermittent spell increases, the measure of intermittency decreases. Combining these factors allows the multidimensional nature of intermittent behavior to be captured in a single measure, which is likely more reflective of the way employers view intermittent behavior in making hiring and pay decisions. In other words, it is the combination of factors rather than the distinct components that matters to employers. In addition, whereas each of the components are highly co-linear with other wage-determining characteristics, such as firm tenure, the index is less so, allowing us to control for both the full nature of a woman's intermittency experience, plus other important employment factors. The importance of this feature of the index will be illustrated below.
III. Data
This paper Wage File contains quarterly earnings information for all of those workers. 6 Regrettably, this data set contains no information about the worker's demographics (e.g., education, gender, race, etc.), thus making it impossible to draw a control group of women not giving birth. There is also no specific information about the worker's job (e.g., hours of work, weeks of work, or occupation). The worker's earnings and employer information 5 White et al. (1990) provide an extensive discussion about the use of these employment data, commonly referred to as the Quarterly Census of Employment and Wages (QCEW), or ES-202 data. 6 Included in earnings are pay for vacation and other paid leave, bonuses, stock options, tips, the cash value of meals and lodging, and in some states, contributions to deferred compensation plans (such as 401(k) plans). Covered employer contributions for old-age, survivors, and disability insurance (OASDI), health insurance, unemployment insurance, workers' compensation, and private pension and welfare funds are not reported as wages. Employee contributions for the same purposes, however, as well as money withheld for income taxes, union dues, and so forth, are reported even though they are deducted from the worker's gross pay.
-8 -can be tracked over time and linked to the vital records data using an individual identifier.
Because the UI Individual Wage file contains a firm rather than establishment identifier, a choice of which NAICS code to assign to each worker who was employed by a multi-establishment firm is required. Following the Department of Labor convention, a 6-digit NAICS code is assigned based on the largest share of the firm's total employment.
The NAICS code for that industry is used to estimate industry dummy variables at the three-digit level. Women working in the agricultural and mining industries are dropped due to poor coverage and industry size. In addition, nominal quarterly earnings are converted to real values using the 2005 chain weighted PCE index.
A woman is included in the sample if she worked in any of the four quarters prior to the birth quarter (establishing her connectivity to the labor market) and worked in any of the quarters in the 6th year after the birth of her first child (providing a post-birth employment observation). Pre-birth earnings are calculated as the highest quarterly earnings in four quarters preceding the birth quarter. Current earnings are the highest earnings in any quarter in the 6th year after the year of birth. Using yearly maximum earnings for current and pre-birth earnings minimizes any impact of pregnancy related illnesses (for pre-birth earnings) and seasonal factors (for both). Other current job or employer characteristics relate to the employer/job in which the woman earned that highest pay.
A firm is considered to have just been born if there was employment in the last four quarters that was preceded by four quarters of zero employment. A firm is considered to be dying if within the next year there is a quarter of zero employment followed by three quarters of zero employment. A firm is considered to be contracting if -9 -the employment in the current quarter is less than employment in that quarter in the previous year and vice versa for expanding.
Competition the firm faces in its industry/county is proxied for using a Hirfendahl-Hirschman Index (Hirschman 1964) , which measures the degree of employment concentration (across firms) in the firm's industry and county. The higher is the index the more concentrated is employment and, hence, less competition in the labor market. Average firm turnover in the industry is measured by the share of employees in the industry who were not employed by the same employer in the previous year.
A. Data Limitations
While these administrative data are quite rich in many respects, allowing us to observe characteristics about the mother and her employer that have previously been unobserved, they do suffer some limitations. First of all, the sample is limited to birth mothers who we are able to match to the Georgia Wage Files. However, of the over 460,000 women giving birth to their first child in this time period, 70 percent were matched to an employer in the year prior to the birth year. 7 Also, employment is defined only based on whether a woman is observed to be employed in the state of Georgia by an employer covered by UI --employment outside of the state of Georgia (or in uncovered employment) will not be observed, so if the woman returns, that absence will be counted as a spell of intermittency. This also means that results are generalizable only to women in covered employment; this represents the vast majority of workers, however. Finally, there are no measures of hours of work. Quarterly earnings reflect both wages and hours, so if, for example, women with more intermittency are also more likely to work part-time,
-10 -then any measured penalty will be over-estimated when interpreted as a wage penalty.
B. The Sample
After excluding observations with missing data, the analysis is performed on 191,125 women who were in the Georgia workforce prior to giving birth to their first child some time between 1994-2002 and were employed in the 6th year after the birth of the child. Heeding warnings of Bollinger and Chandra (2005), we do not eliminate outliers, although doing so does not affect the results.
Sample means are presented in Table 1 . Overall, roughly two-thirds of the currently employed women have some absence from the work force during the five years after the birth of their first child. Among these women with at least some intermittency, the average value of the intermittency index is 0.55, the average number of spells with no work is 2.4, the average percent of time since the birth of the child with no work is 32 percent, and the average percent of the time since the birth of the first child that has occurred since the last spell of absence is 29 percent.
[ Table 1 about here]
On average, women with no intermittency spells earn roughly 16 percent more than women who have some measure of intermittency. Women with some spell of intermittency tend to be slightly younger, are more likely to be black or Hispanic, are less likely to be married at the time of giving birth, and are likely to be less educated than women with no spell of intermittency. In her job six years after giving birth, the average woman has just over one and a half years of tenure with her employer. Of course, those with a spell of intermittency have much less tenure than those with no intermittency.
-11 - Figure 1 provides an initial glimpse as to the expected relationship between current earnings and past labor market intermittency across educational attainment.
Among all education groups, average quarterly earnings are lower at higher levels of intermittency. However, it is not clear from the raw data that there is much difference in the relationship between intermittency and earnings across educational groups. For example, the most dramatic drop in wages come at the highest values of intermittency, but is roughly the same percentage drop across all education groups.
[ Figure 1 about here] Table 2 contains results from both the OLS estimation, where the intermittency index is treated as exogenous, and the fixed-effects estimation. The table also contains fixed-effects estimates from specifications where the intermittency index is replaced by each of its components, number of periods of absence, proportion of time out of the workforce, and percent of time since the last spell of absence.
IV. Results
[ In the OLS specification, women employed by firms in more competitive labor markets (lower HHI), earn more. This relationship is reversed (and weakened) in the fixed-effects estimation, suggesting that there is some selection of higher earning women into more competitive labor markets. The impact of the total number of establishments in the woman's industry also reverses, becoming negative in the fixed-effects estimation;
this suggests that higher earning women select into firms with a greater number of establishments. These selection effects, of course, disappear when the woman's fixedeffect is swept away by differencing the data. And, while a higher unemployment rate is associated with higher earnings in the OLS estimation, that relationship turns negative, as is more consistent with a piori expectations, in the fixed-effects estimation. Working in a contracting firm, as mentioned above, also changes sign from positive to negative. In addition, while working in an expanding firm maintains the same sign across specifications, the magnitude declines dramatically. This suggests that individual characteristics are more highly correlated with whether a woman works in an expanding or contracting firm more than the whether she works in a new or dying firm.
Turning now to the intermittency penalty, the top row of Table 2 indicates that the assumption of exogenous intermittency leads to an over-estimate of the penalty for Nonetheless, the results in Table 2 suggest that a greater number of periods of absence increases a woman's earnings. As would be expected, however, each of these components is highly co-linear with a worker's tenure with her employer. Re-estimating the model without tenure produces larger impacts of intermittency (and each of its components) and results in the expected negative impact of the number of periods.
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Combining the components into an index allows us to account for all dimensions of a woman's intermittency as well as other important employment characteristics while mitigating any confounding influences of multi-collinearity.
These fixed-effects results are in the ballpark of estimates of the impact of labor market intermittency on earnings found by others (for example, see Mincer and Ofek -14 -1982; Sorensen 1993; Jacobsen and Levin 1995; and Hotchkiss and Pitts 2005) . For example, Shapiro and Mott (1994) , who also looked at wages of women following the birth of their first child, find that women who return immediately to work experience a wage premium of roughly 19 percent. In contrast, Spivey (2005) Table 3 illustrates that the intermittency penalty also differs significantly across education status. A woman with less than a high school education and an average (for her education cohort) amount of intermittency faces a penalty of 14 percent lower earnings compared to a woman with the same education with continuous employment after the birth of her first child. By contrast, a woman with at least a college degree faces a penalty of 36 percent.
[ Table 3 about here]
Across all education levels, it is the low earning women who select into intermittency. In other words, the unobserved component of a woman's wage determination (which is swept away as the fixed effect) is negatively correlated with her wage; when it is removed by differencing, the negative contribution of intermittency is -15 -reduced. In addition, it appears as though intermittency and unobserved characteristics are most negatively correlated at the lowest education levels. Whereas in the model where intermittency is treated as exogenous there doesn't appear to be much difference in the contribution of intermittency to wage determination at different education levels (the coefficients are roughly the same), the penalty increases with education in the fixed effects model. The coefficient on the number of children in the intervening years is statistically significant --each additional birth reduces a woman's wage by roughly three percent.
However, inclusion of this additional regressor leaves the estimated impact of intermittency on her wage unchanged. The parameter estimate (and std. err.) is -0.3342 -16 -(0.0136) excluding the number of children, and is -0.3333 (0.0136) including number of children as a regressor. 13 Note that these estimates are also very close to that reported for the full sample of women in Table 2 (-0.3229). All of the results across education levels are also robust to the inclusion of this additional regressor.
V. Implications
This paper contributes to the understanding of the role labor market intermittency plays in the determination of women's wages. We find that women with an average amount of intermittency during five years after the birth of her first child experience earnings that are roughly 18 percent lower than a woman with no intermittency. We also show how useful the construction of an index to account for multiple dimension of intermittency is in order to isolate the effect of intermittency from other highly co-linear employment characteristics, such as tenure.
The importance of controlling for the endogeneity of the intermittency decision, which we do through a fixed-effects estimation procedure, is also demonstrated.
Whereas the intermittency penalty appears to be similar across educational levels when treated exogenously (roughly 51 percent), the penalty increases with education in the fixed-effects estimation. This difference is fairly dramatic with the penalty for those with a college degree being more than two times larger than the penalty for a woman with a high school degree. Education does not insulate women from the penalties associated with intermittency, and, in fact, makes it even worse. Of course, this likely has a lot to do with the fact women in the control group (those with no intermittency) at higher education levels earn significantly more than women in the lower-education control 13 These estimation results are available upon request.
-17 -groups.
The ability of this analysis to control for the endogeneity of the women's intermittency decision is a direct result of observing these women in the labor market over an extended period of time, and having access to detailed information about the women's employers both before and after giving birth. We believe that the quality and reliability of the estimates of the impact of intermittency on women's wages presented here derives directly from the ability to use administrative data and from not having to rely on survey responses or samples of the population. The data also illustrate how important firm and industry dynamics, such as whether a firm is expanding or contracting, or the degree of worker turnover in an industry, are in the determination of a woman's wage. As such, these factors also likely play a role in a woman's assessment of the cost of her intermittency decisions. Notes: Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Regressions include a full set of three digit NAICS industry fixed effects and quarter fixed effects. Industry/county competition is proxied by an industry/county specific Hirfendahl-Hirschman Index (Hirschman 1964) , which measures the degree of employment concentration (across firms) in the firm's industry and county. The higher is the index the more concentrated is employment and, hence, less competition in the labor market. Earnings are deflated by the 2005 chain weighted PCE. 
